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FIG.7
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1
MEMORY SYSTEM AND OPERATION
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS/INCORPORATION BY
REFERENCE

The present application is a continuation application of
U.S. patent application Ser. No. 13/328,399 filed on Dec. 16,
2011, which claims priority to and benefit from Japanese
Priority Patent Application JP 2011-012544 filed in the Japan
Patent Office on Jan. 25, 2011. The entire contents of each of
which are incorporated herein by reference.

BACKGROUND

The present disclosure relates to a memory system making
use of a non-volatile memory and relates to an operation
method of such a memory system.

In the past, there has been used a memory system (also
referred to as a storage system) which reads out programs,
data and the like from a memory functioning as a storage
device (also referred to as an auxiliary storage apparatus) into
awork memory (also referred to as a main storage apparatus)
implemented by typically a DRAM (Dynamic Random
Access Memory) in an operation called a loading operation.
In this memory system, an NVM (Non-Volatile Memory) is
generally used to serve as the storage device which is required
to operate at a high speed.

The non-volatile memory can be a flash memory or an
NVRAM (Non-Volatile Random Access Memory). The flash
memory has a large storage capacity. Data stored in the flash
memory is accessed in block units. On the other hand, high-
speed random accesses can be made to data stored in the
NVRAM in word units. A representative example of the flash
memory is a NAND-type flash memory. On the other hand,
representative examples of the NVRAM are a PCRAM
(Phase-Change Random Access Memory), an MRAM (Mag-
netoresistive Random Access Memory) and a ReRAM (Re-
sistance Random Access Memory).

Since the flash memory has a low bit cost and a large
storage capacity, the flash memory is used in high-speed
storage applications. On the other hand, the NVRAM has a
high bit cost in comparison with the flash memory. However,
the NVRAM has the following merits. The NVRAM has an
excellent performance of allowing high-speed accesses to be
made in word units. In addition, since a CPU (Central Pro-
cessing Unit) is capable of making direct accesses to the
NVRAM, the NVRAM is used as a non-volatile cache
memory for the storage device in order to allow the operation
of the memory system to be carried out expectedly at a high
speed.

Typical examples of a memory system making use of such
a flash memory and such an NVRAM are described in docu-
ments such as JP-T-2004-506256 (Patent Document 1) and
Japanese Patent [Laid-Open No. 2006-236304 as well as Shu-
hei Tanakamaru and four coauthors, “Post-manufacturing
17-times Acceptable Raw Bit Error Rate Enhancement,
Dynamic Codeword Transition ECC scheme for Highly Reli-
able Solid-State Drives, SSDs,” Memory Workshop (IMW),
2010 IEEE International, p. 1-4. The memory system is also
referred to as a non-volatile memory system.

SUMMARY

By the way, it is important to improve the data holding
characteristic of the non-volatile memory employed in such a
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memory system and the reliability of the memory system.
This is because, as the number of rewrite operations
increases, the data holding characteristic of the non-volatile
memory employed in the memory system tends to deteriorate.
In order to solve this problem, the data holding characteristic
of'a NAND-type flash memory is improved by typically car-
rying out bit-error detection and correction processing on
data through use of an ECC (Error Correction Code) as
described in Patent Document 1.

For example, if the NVRAM described above is used as a
non-volatile cache memory, on the other hand, the frequency
of accesses to the NVRAM is high in comparison with the
storage device which is typically the NAND-type flash
memory. It is thus also important to improve the data holding
characteristic of the NVRAM. However, the memory system
disclosed in Patent Document 1 does not describe a technique
for improving the data holding characteristic of the NVRAM
by typically making use of ECCs (error correction codes) at
all.

For the reason described above, it is possible to think of a
technique for improving the data holding characteristic of the
NVRAM by applying ECCs to data stored in the NVRAM.
By simply applying the ECCs to data stored in the NVRAM,
however, there is undesirably generated a side effect that the
speed of the access to the NVRAM decreases by a speed
difference proportional to the number of accesses to the ECCs
or a bad side effect on the NVRAM band. As a result, the
operation speed of the entire memory system inevitably
decreases.

It is desirable to provide a memory system capable of
improving the reliability of the system without decreasing the
operation speed and provide an operation method for the
memory system.

A memory system according to an embodiment of the
present disclosure has: a first non-volatile memory used for
storing data to be accessed in block units;

a second non-volatile memory used for storing data to be
accessed in word units in random accesses to the second
non-volatile memory; and a control section configured to
control operations of the first and second non-volatile memo-
ries.

Inthe memory system, error correction codes to be applied
to data stored in the second non-volatile memory are held in
the first non-volatile memory.

An operation method for a memory system according to
another embodiment of the present disclosure includes: per-
forming accesses made in block units to data stored in a first
non-volatile memory employed in the memory system; per-
forming random accesses made in word units to data stored in
a second non-volatile memory employed in the memory sys-
tem; and carrying out bit-error detection and correction pro-
cessing on the data stored in the second non-volatile memory
by making use of error correction codes held in the first
non-volatile memory.

In accordance with the memory system according to the
embodiment of the present disclosure and the operation
method for the memory system, accesses are made in block
units to data stored in the first non-volatile memory whereas
random accesses are made in word units to data stored in the
second non-volatile memory. At that time, the error correction
codes held in the first non-volatile memory are applied to the
data stored in the second non-volatile memory typically in
order to carry out bit-error detection and correction process-
ing on the data stored in the second non-volatile memory so as
to improve the data holding characteristic of the second non-
volatile memory. In addition, by holding the error correction
codes in the first non-volatile memory it is possible to prevent
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the speed of the access to the second non-volatile memory
from decreasing as is the case with a configuration in which
the error correction codes are typically held in the second
non-volatile memory itself.

In addition, inaccordance with the memory system accord-
ing to the embodiment of the present disclosure and the opera-
tion method for the memory system, the error correction
codes to be applied to the data stored in the second non-
volatile memory and subjected to random accesses in word
units are held in the first non-volatile memory used for storing
data to be accessed in block units. Thus, it is possible to
improve the data holding characteristic of the second non-
volatile memory while preventing the speed of the access to
the second non-volatile memory from decreasing. As aresult,
the reliability of the system can be improved without decreas-
ing the operation speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a typical configuration
of a data storage system including a non-volatile memory
system according to an embodiment of the present disclosure;

FIG. 2 is a block diagram showing a typical detailed data
structure of an ECC2 block in a NAND-type flash memory
shown in FIG. 1;

FIG. 3 is a block diagram showing a typical detailed data
configuration of an NVM controller shown in FIG. 1;

FIG. 4 is a block diagram showing the configuration of a
data storage system including a memory system serving as a
first typical comparison system;

FIG. 5 is a block diagram showing the configuration of a
data storage system including a memory system serving as a
second typical comparison system;

FIG. 6 shows a flowchart representing typical processing to
read out data from an NVRAM by making use of error cor-
rection codes ECC2;

FIG. 7 shows a flowchart representing typical processing to
write data into an NVRAM by making use of error correction
codes ECC2;

FIG. 8 shows a flowchart representing typical system acti-
vation processing making use of error correction codes
ECC2;

FIG. 9 is a block diagram showing a typical configuration
of a data storage system including a memory system serving
as a first typical modification; and

FIG. 10 is a block diagram showing a typical configuration
of a data storage system including a memory system serving
as the second typical modification.

DETAILED DESCRIPTION

An embodiment of the present disclosure is explained
below in detail by referring to the diagrams. It is to be noted
that the description is divided into the following chapters.

1: Embodiment (Typical configuration of using a NAND-
type flash memory as a first non-volatile memory)

2: Typical Modifications

First Typical Modification (Typical configuration with a
NAND-type flash memory including an embedded ECC pro-
cessing section)

Second Typical Modification (Typical configuration of
using an MFD as a first non-volatile memory)

Other Typical Modifications

Embodiment
Configuration of a Data Storage System 1

FIG. 1 is a block diagram showing a typical configuration
of a data storage system 1 including a non-volatile memory
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4

system 2 according to an embodiment of the present disclo-
sure. As shown in the figure, the data storage system 1
employs a CPU 10, a DRAM 11, a DRAM controller 12 and
the non-volatile memory system 2 according to the embodi-
ment of the present disclosure.

The CPU 10 controls operations of the DRAM 11, the
DRAM controller 12 and the non-volatile memory system 2.
To put it concretely, the CPU 10 makes accesses to data held
(or stored) in an NVRAM 22 and a NAND-type flash memory
21 through an NVM controller 23 to be described later. The
CPU 10 then loads the data into the DRAM 11 functioning
typically as a work memory also referred to as a main
memory. Conversely, the CPU 10 writes data stored in the
DRAM 11 into the non-volatile memory system 2.

The DRAM 11 is a volatile memory functioning as a work
memory in the data storage system 1 as described above. The
DRAM controller 12 is a section for controlling operations of
the DRAM 11 in accordance with a command received from
the CPU 10. Typical operations of the DRAM 11 include an
operation to write data into the DRAM 11 and an operation to
read out data from the DRAM 11.

Configuration of the Non-Volatile Memory System 2

The non-volatile memory system 2 employs the NAND-
type flash memory 21, the NVRAM 22 and the NVM con-
troller 23. Also referred to as a first non-volatile memory, the
NAND-type flash memory 21 is an NVM (a non-volatile
memory). The NVRAM 22 is also referred to as a second
non-volatile memory. The NVM controller 23 serves as a
control section. It is the NAND-type flash memory 21 that
functions as a storage device. On the other hand, the NVRAM
22 functions as a work memory and/or a non-volatile cache
memory. Thus, the non-volatile memory system 2 can be said
to be an SnD (Store and Download) model serving as a
combination with the NAND-type flash memory 21 and an
XIP (eXecute In Plane) model serving as a combination with
the NVRAM 22.

NAND-Type Flash Memory 21

The NAND-type flash memory 21 is a non-volatile
memory such as a flash memory. Data stored in the NAND-
type flash memory 21 is accessed in block units. In this case,
the block units are pages 211P and pages 212P. The pages
211P and the pages 212P will be described later. The NAND-
type flash memory 21 has a data block 211 and an ECC2 block
212.

The data block 211 is a data area referred to as a block used
for holding (or storing) data 21D in page-211P units. To put it
concretely, on each page 211P, the data 21D is held with an
error correction code ECC1 used for correcting the data 21D.
The error correction code ECC1 is also referred to as a first
error correction code. That is to say, as described later, the
error correction code ECC1 is a code to be applied to data 21D
stored in the NAND-type flash memory 21. Thus, the error
correction code ECC1 is a code used for improving the char-
acteristic ofholding data inthe NAND-type flash memory 21.

The ECC2 block 212 is a data area referred to as a block
used for holding (or storing) error correction codes ECC2
each referred to as a second error correction code in page-
212P units. The error correction codes ECC2 are used for
protecting the NVRAM 22. That is to say, in this embodiment,
the error correction codes ECC2 to be applied to the NVRAM
22 are also stored in the NAND-type flash memory 21. To put
it concretely, on each page 212P, error correction codes ECC2
are held with an error correction code ECC1 described above.
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To put it in detail, as shown in FIG. 2 for example, a batch
composed of a plurality of error correction codes ECC2 is
stored on each page 212P with an error correction code
ECC1. The batch of a plurality of error correction codes
ECC2 is a batch created by collecting ECC2 (0) to ECC2 (n)
where nis an integer equal to or greater than 2. In other words,
each page 212P is used for holding a plurality of error cor-
rection codes ECC2 in a data area and an error correction code
ECC1 in a redundant area in the same way as the page 211P.

It is to be noted that, if an access to the NVRAM 22 is a
32-bit access for example, the error correction code ECC2
required for protecting data stored in the NVRAM 22 has a
length of 6 bits. A typical example of the error correction code
ECC2 is the hamming code. In addition, let the size of the data
area of the pages 211P and 212P in the NAND-type flash
memory 21 be about 32 Kbits (or about 4 Kbytes) which are
the value of an ordinary size. In this case, the error correction
codes ECC2 for data having a size of about 5 Kwords in the
NVRAM 22 are held in a page 212P. In addition, in this case,
the NVM controller 23 is capable of reading out error correc-
tion codes ECC2 having a size of about 5 Kwords from the
NAND-type flash memory 21 to an ECC buffer 230 in one
access as described later. Thus, the time it takes to read out
one page from the NAND-type flash memory 21 is about 80
microseconds in the case of an MLLC NAND-type flash
memory used foran ONFI 2.1 mode 5 (200 MB/second) or 16
ns per error correction code ECC2. Therefore, even in the case
of an access made to consecutive addresses in the NVRAM
22, if the time of the access to the NVRAM 22 is longer than
16 ns, in the continuation of the access, error correction codes
ECC2 for the next page can be read out from the NAND-type
flash memory 21 to the ECC buffer 230. It is to be noted that,
if accesses are made to non-consecutive addresses in the
NVRAM 22, by making use of a prefetch function to be
described later, the time it takes to read out error correction
codes ECC2 from the NAND-type flash memory 21 to the
ECC buffer 230 can be shortened. It is also worth noting that,
as the time of an access to the NVRAM 22, the access time of
about 16 ns cited above can be said to be a sufficiently short
value in general.

NVRAM 22

The NVRAM 22 is a non-volatile memory to which ran-
dom accesses are made in order to read out data 22D from the
memory in word units. Unlike the NAND-type flash memory
21 described above, the NVRAM 22 is used for storing only
the data 22D. That is to say, no error correction codes are held
in the NVRAM 22. Typical examples of the NVRAM 22
include a PCRAM, an MRAM and an ReRAM.

NVM Controller 23

The NVM controller 23 is a section for controlling opera-
tions of the NAND-type flash memory 21 and the NVRAM
22 in accordance with a command received from the CPU 10.
Typical operations of the NAND-type flash memory 21
include an operation to write data 21D into the NAND-type
flash memory 21 and an operation to read out data 21D from
the NAND-type flash memory 21. By the same token, typical
operations of the NVRAM 22 include an operation to write
data 22D into the NVRAM 22 and an operation to read out
data 22D from the NVRAM 22. The NVM controller 23 is
configured to include the ECC buffer 230 mentioned above.

In this embodiment, the NVM controller 23 has a function
to carry out processing to detect and correct bit errors deter-
mined in advance by making use of the error correction codes
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6

ECC1 and ECC2 held in the NAND-type flash memory 21.
The processing to detect and correct bit errors is referred to as
bit-error detection and correction processing. To put it con-
cretely, in an operation to write data 21D into the NAND-type
flash memory 21, an error correction code ECC1 is added to
the data 21D. In an operation to read out data 21D from the
NAND-type flash memory 21 or at a system activation time,
on the other hand, the bit-error detection and correction pro-
cessing making use of an error correction code ECC1 is
carried out on the data 21D. In addition, in an operation to
write data 22D into the NVRAM 22, error correction code
generation processing is carried out on the data 22D by mak-
ing use of error correction codes ECC2. In an operation to
read out data 22D from the NVRAM 22 or at a system acti-
vation time, on the other hand, the bit-error detection and
correction processing making use of an error correction codes
ECC2 is carried out on the data 22D.

On top of that, the NVM controller 23 carries out process-
ing to compute an error correction code ECC1 for each page
211P used as the unit of an access to the data 21D concur-
rently with processing to compute an error correction code
ECC2 for each word used as the unit of an access to the data
22D. Itis to be noted that details of the bit-error detection and
correction processing making use of these error correction
codes ECC1 and ECC2 will be described later by referring to
FIGS. 6 to 8.

As described above, the NVM controller 23 is configured
to include the ECC buffer 230 used as a buffer area for
temporarily holding an ECC2 block 212 read out (or loaded)
from the NAND-type flash memory 21. Then, as will be
described later in detail, the NVM controller 23 makes use of
the error correction codes ECC2 in the ECC buffer 230 to
carry out the bit-error detection and correction processing.
Thus, the bit-error detection and correction processing can be
carried out at a high speed.

In addition, when error correction codes ECC2 are read out
from the NAND-type flash memory 21 to the ECC buffer 230
by making use of the aforementioned batch composed of a
plurality of error correction codes ECC2 as a read unit, by
associating the error correction codes ECC2 with consecutive
addresses in the NVRAM 22, the bit-error detection and
correction processing can be carried out at a high speed in
accesses to the consecutive addresses in the NVRAM 22. In
this way, the NVM controller 23 is capable of implementing
a caching function of the error correction codes ECC1 and
ECC2 by making use of the ECC bufter 230.

In addition, the NVM controller 23 has an ECC-page man-
agement function for managing ECC pages by associating
addresses of the data 22D in the NVRAM 22 with addresses
atwhich the error correction codes ECC2 for the data 22D are
held in the NAND-type flash memory 21. It is to be noted that
details of the bit-error detection and correction processing
making use of this ECC-page management function will also
be described later by referring to FIGS. 6 to 8.

FIG. 3 is a block diagram showing a typical detailed data
configuration of the NVM controller 23. As shown in the
figure, the NVM controller 23 employs an ECC1 processing
section 231, an ECC2 processing section 232, a CPU-I/F
section 233, a flash-memory I/F section 234, an NVRAM-I/F
section 235, an ECC-buffer control section 236, a flash-
memory control section 237 and an NVRAM control section
238 in addition to the ECC buffer 230 described above.

The ECC1 processing section 231 is a section for carrying
out the bit-error detection and correction processing on the
data 21D in the NAND-type flash memory 21 by making use
of an error correction code ECC1. It is to be noted that the
result of the bit-error detection and correction processing



US 9,189,325 B2

7
carried out on the data 21D stored in an ECC2 block 212 is
temporarily stored in the ECC buffer 230. In addition, the data
21D in a data block 211 other than the ECC2 block 212 is
output from the NVM controller 23 by way of the CPU-I/F
section 233.

The ECC2 processing section 232 is a section for carrying
out the bit-error detection and correction processing on the
data 22D in the NVRAM 22 by making use of an error
correction code ECC2 temporarily held in the ECC buffer
230. It is to be noted that the bit-error detection and correction
processing making use of error correction codes ECC2 is
carried out by adoption of typically the commonly taken
hamming code method.

The CPU-I/F section 233 is an interface (I/F) for establish-
ing a connection between the NVM controller 23 and the CPU
10. The flash-memory I/F section 234 is an interface (I/F) for
establishing a connection between the NVM controller 23
and the NAND-type flash memory 21. The NVRAM-I/F sec-
tion 235 is an interface (I/F) for establishing a connection
between the NVM controller 23 and the NVRAM 22. As
described above, the NVM controller 23 has the NVRAM-I/F
section 235 serving as an I/F between the NVM controller 23
and the NVRAM 22 used as a work memory to which random
accesses are made in word units. In addition, the NVM con-
troller 23 also has the flash-memory I/F section 234 serving as
an I/F between the NVM controller 23 and the NAND-type
flash memory 21 used as a storage device to which accesses
are made in block (or page) units.

The ECC-buffer control section 236 is a section for con-
trolling operations carried out by the ECC buffer 230. The
flash-memory control section 237 is a section for controlling
operations carried out by the ECC1 processing section 231
and the flash-memory I/F section 234. On the other hand, the
NVRAM control section 238 is a section for controlling
operations carried out by the ECC2 processing section 232
and the NVRAM-I/F section 235.

Effects of the Data Storage System 1
1: Basic Operations

In the data storage system 1, the DRAM controller 12 is
controlled in accordance with a command issued by the CPU
10 in order to drive the DRAM 11 to function as a work
memory of the data storage system 1. By the same token, the
NVM controller 23 is controlled in accordance with a com-
mand issued by the CPU 10 in order to drive the NVRAM 22
to function as a work memory of the non-volatile memory
system 2 and drive the NAND-type flash memory 21 to func-
tion as a storage device of the non-volatile memory system 2.
Thus, in accordance with a command issued by the CPU 10,
aprogram determined in advance is executed and/or process-
ing determined in advance is carried out. At that time, in the
non-volatile memory system 2, accesses to the data 21D
stored in the NAND-type flash memory 21 are made in block
(or page) units whereas random accesses to the data 22D
stored in the NVRAM 22 are made in word units.

In addition, at that time, the NVM controller 23 makes use
of an error correction code ECC1 held in the NAND-type
flash memory 21 in order to carry out the bit-error detection
and correction processing on the data 21D stored in the
NAND-type flash memory 21. To put it concretely, the NVM
controller 23 makes use of an error correction code ECC1
generated in an operation to write the data 21D into the
NAND-type flash memory 21 in order to carry out the bit-
error detection and correction processing on the data 21D
stored in the NAND-type flash memory 21 by applying the
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error correction code ECC1 to the data 21D in an operation to
read out the data 21D from the NAND-type flash memory 21
or at a system activation time, that is, a time at which the
non-volatile memory system 2 is activated. It is to be noted
that the bit-error detection and correction processing making
use of error correction codes ECC2 is carried out by adoption
of typically the commonly taken BCH code method. Thus, it
is possible to improve the characteristic of holding the data
21D in the NAND-type flash memory 21 and enhance the
reliability of the non-volatile memory system 2.

2: Bit-Error Detection and Correction Processing
Using Error Correction Codes ECC2

Next, by referring to FIGS. 4 to 8, the following description
explains details of bit-error detection and correction process-
ing carried out by making use of error correction codes ECC2
as processing serving as one of characteristics of the present
disclosure by comparing the bit-error detection and correc-
tion processing with processing carried out by first and sec-
ond typical comparison systems.

2-1: First Typical Comparison System

FIG. 4 is a block diagram showing the configuration of a
data storage system 101 including a non-volatile memory
system 102 serving as a first typical comparison system. As
shown in the figure, the data storage system 101 employs a
CPU 10, a DRAM 11, a DRAM controller 12 and the non-
volatile memory system 102 serving as a first typical com-
parison system. As is obvious from comparison of the con-
figuration shown in FIG. 1 with the configuration shown in
FIG. 4, in place of the non-volatile memory system 2
employed in the data storage system 1 according to the
embodiment to serve as a non-volatile memory system 2
according to the embodiment, the data storage system 101
includes the non-volatile memory system 102 serving as a
first typical comparison system. Otherwise, the configuration
of the data storage system 101 serving as a first typical com-
parison system is identical with the configuration of the data
storage system 1 according to the embodiment.

Unlike the non-volatile memory system 2 according to the
embodiment, however, the non-volatile memory system 102
serving as a first typical comparison system does not include
the ECC2 block 212 because the error correction codes ECC2
do not exist in a NAND-type flash memory 102-1 employed
in the non-volatile memory system 102. Otherwise, the con-
figuration of the non-volatile memory system 102 serving as
a first typical comparison system is identical with the con-
figuration of the non-volatile memory system 2 according to
the embodiment.

That s to say, in the non-volatile memory system 102, error
correction codes ECC1 are used to improve the data holding
characteristic of the NAND-type flash memory 102-1 itselfin
the same way as the non-volatile memory system 2 according
to the embodiment. Unlike the non-volatile memory system 2
according to the embodiment, however, the non-volatile
memory system 102 serving as a first typical comparison
system does not make use of the error correction codes ECC2
for the NVRAM 22.

Thus, since the first typical comparison system does not
carry out the bit-error detection and correction processing on
the data 22D stored in the NVRAM 22 by making use of the
error correction codes ECC2, it is quite within the bounds of
possibility that a data error is generated when the NVRAM 22
deteriorates due to a large number rewrite count representing
the number of rewrite operations carried out on the NVRAM
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22. In particular, if the NVRAM 22 is used as a non-volatile
cache memory, the number of accesses to the NVRAM 22 is
large in comparison with the number of accesses to the
NAND-type flash memory 102-1 serving as a storage device.
Thus, the NVRAM 22 is required to have a data holding
characteristic not worse than that of the NAND-type flash
memory 102-1. In the first typical comparison system, how-
ever, generation of a data error in the NVRAM 22 cannot be
avoided. Thus, the reliability of the entire non-volatile
memory system 102 serving as the first typical comparison
system inevitably deteriorates.

2-2: Second Typical Comparison System

FIG. 5 is a block diagram showing the configuration of a
data storage system 201 including a memory system 202
serving as a second typical comparison system. As shown in
the figure, the data storage system 201 employs a CPU 10, a
DRAM 11, a DRAM controller 12 and the non-volatile
memory system 202 serving as a second typical comparison
system. As is obvious from comparison of the configuration
shown in FIG. 1 with the configuration shown in FIG. 5, in
place of the non-volatile memory system 2 employed in the
data storage system 1 according to the embodiment to serve as
a non-volatile memory system 2 according to the embodi-
ment, the data storage system 201 includes the non-volatile
memory system 202 serving as a second typical comparison
system. Otherwise, the configuration of the data storage sys-
tem 201 serving as a second typical comparison system is
identical with the configuration of the data storage system 1
according to the embodiment.

Unlike the non-volatile memory system 2 according to the
embodiment, however, the non-volatile memory system 202
serving as a second typical comparison system does not
include the ECC2 block 212 because the error correction
codes ECC2 do not exist in a NAND-type flash memory
102-1 employed in the non-volatile memory system 202.
Instead, in the non-volatile memory system 202, an NVRAM
202-2 is provided with an area used for storing the error
correction codes ECC2. Otherwise, the configuration of the
non-volatile memory system 202 serving as a second typical
comparison system is identical with the configuration of the
non-volatile memory system 2 according to the embodiment.

That is to say, the bit-error detection and correction pro-
cessing making use of the error correction codes ECC2 is
carried out on the data 22D stored in the NVRAM 202-2.
Thus, in comparison with the first typical comparison system,
the characteristic of holding the data 22D in the NVRAM
202-2 is improved. As a result, the reliability of the entire
non-volatile memory system 202 is also improved as well.

In the non-volatile memory system 202 serving as a second
typical comparison system, however, the following problems
are inevitably raised due to the fact that the error correction
codes ECC2 for the NVRAM 202-2 are stored in the
NVRAM 202-2 itself.

Problem of a Reduced Access Speed

In the first place, the speed of the access to the NVRAM
202-2 is undesirably reduced as a side effect which is a
negative effect on the band of the NVRAM 202-2. Thus, the
speed of the operation of the entire non-volatile memory
system 202 inevitably decreases. In a system in which the
error correction codes ECC2 are stored in the NVRAM 202-2
as is the case with the second typical comparison system, as
described below, there are two conceivable techniques for
making accesses to the non-volatile memory system 202.
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In accordance with the first technique, as shown in FIG. 5,
the error correction codes ECC2 are held at an address dif-
ferent from an address at which the data 22D is stored in the
NVRAM 202-2. In accordance with this technique, as an
access to the NVRAM 202-2, in actuality, it is necessary to
make at least two accesses. The first access is an access to the
data 22D whereas the second access is an access to the error
correction code ECC2. Thus, in accordance with the first
technique, the high speed of the access to the NVRAM 202-2
is inevitably reduced to V5.

In accordance with the second technique, in the NVRAM
202-2, error correction codes ECC2 are held in some bits
included in the data 22D as bits allocated to the error correc-
tion codes ECC2. In accordance with this technique, both the
data 22D and the error correction codes ECC2 assigned
thereto can be accessed in one access to the NVRAM 202-2.
Thus, in comparison with the first technique described above,
the effect of the reduced speed of the access to the NVRAM
202-2 tends to decrease. Since the bit size of the data 22D
used in the one access decreases by a difference correspond-
ing to some bits included in the data 22D as bits allocated to
the error correction codes ECC2 as described above, however,
also in the case of the second technique, the high speed of the
access to the NVRAM 202-2 is inevitably reduced. It is to be
noted that, if 8 of 16 bits of the data 22D are allocated to the
error correction codes ECC2 in the case of the second tech-
nique for example, in the end, the speed of the access to the
NVRAM 202-2 is inevitably reduced to V2 as is the case with
the first technique described above.

As described above, in either of the two techniques
described above as techniques for the second typical com-
parison system, the speed of the access to the NVRAM 202-2
is inevitably reduced and, thus, the speed of the operation of
the entire non-volatile memory system 202 undesirably
decreases.

Problem of a Rising Cost

Inthe second place, if the NAND-type flash memory 102-1
and the NVRAM 202-2 are used as the two non-volatile
memories in particular, the non-volatile memory system 202
serving as the second typical comparison system raises a
problem caused by a rising cost as follows. In general, the bit
unit cost of the NVRAM is high in comparison with the
NAND-type flash memory. Thus, if the error correction codes
ECC2 for the NVRAM 202-2 are held in the NVRAM 202-2
itself as is the case with the second typical comparison sys-
tem, the actual data storage capacity of the NVRAM 202-2
decreases. Thus, the nonvolatile-memory cost of the entire
non-volatile memory system 202 undesirably increases.

2-3: Embodiment of the Disclosure

In the case of the non-volatile memory system 2 according
to the embodiment, on the other hand, the error correction
codes ECC2 held in the NAND-type flash memory 21 are
applied to the data 22D stored in the NVRAM 22 as explained
earlier by referring to FIGS. 1 to 3 in order to carry out the
bit-error detection and correction processing described below
in detail on the data 22D. Thus, in comparison with the
non-volatile memory system 102 used as the first typical
comparison system described above, the data holding char-
acteristic of the NVRAM 22 is improved.

In addition, in the case of the embodiment, the error cor-
rection codes ECC2 are held in the NAND-type flash memory
21 as explained earlier by referring to FIGS. 1 and 2. Thus,
unlike the second typical comparison system in which the
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error correction codes ECC2 are held in the NVRAM 202-2,
the embodiment is capable of getting rid of the problem
described above as the problem of the reduced speed of the
access to the NVRAM 22. To put it concretely, since only the
data 22D is stored in the NVRAM 22, the efficiency of the
utilization of the storage capacity of the NVRAM 22 can be
sustained. In addition, since the band of the NVRAM-I/F
section 235 is used for all transfers of data, the band does not
decrease due to the use of the error correction codes ECC2.
Thus, the effect on the performance of the NVRAM 22 can be
reduced to a minimum. On top of that, as explained earlier, in
anoperation to read out the error correction codes ECC2 from
the NAND-type flash memory 21 to the ECC buffer 230 by
taking a batch composed of a plurality of error correction
codes ECC2 as the read unit, the following merits are also
obtained. By associating the error correction codes ECC2
with consecutive addresses in the NVRAM 22, the bit-error
detection and correction processing can be carried out at a
high speed in accesses to the consecutive addresses in the
NVRAM 22. It is to be noted that, as will be described later,
if the required error correction codes ECC2 do not exist in the
ECC bufter 230, an access to the NAND-type flash memory
21 is made again in order to read out the required error
correction codes ECC2. Thus, the performance deteriorates
temporarily. Since more frequently accessed error correction
codes ECC2 once read out from the NAND-type flash
memory 21 to the ECC buffer 230 are kept in the ECC buffer
230 as error correction codes ECC2 taking precedence over
the rest of the error correction codes ECC2, however, as a
whole, the high-speed data access performance exhibited by
the NVRAM 22 can be sustained.

In addition, in the case of this embodiment, as described
above, the error correction codes ECC2 are held in the
NAND-type flash memory 21 having a relatively low bit cost.
Thus, unlike the second typical comparison system, the ris-
ing-cost problem mentioned before can be solved. That is to
say, the cost of the non-volatile memory system 2 can be
suppressed.

Next, by referring to FIGS. 6 to 8, the following description
explains details of the bit-error detection and correction pro-
cessing carried out by the NVM controller 23 on the data 22D
stored in the NVRAM 22 by making use of such error cor-
rection codes ECC2. In other words, as described below, the
NVM controller 23 writes the error correction codes ECC2
into the NVRAM 22 when the data 22D is written into the
NVRAM 22 and makes use of the error correction codes
ECC2 in order to carry out the bit-error detection and correc-
tion processing on the data 22D when the data 22D is read out
from the NVRAM 22 or at a system activation time.

Processing to Read Out Data from the NVRAM 22

FIG. 6 shows a flowchart representing typical processing to
read out data 22D from the NVRAM 22 by making use of the
error correction codes ECC2.

As shown in the figure, the flowchart representing the
processing to read out the data 22D from the NVRAM 22
begins with a step S101 to be described later and a step S102
at which the NVM controller 23 determines whether or not
the error correction code ECC2 corresponding to (or required
by) the data 22D to be read out from the NVRAM 22 exists (or
is held) in the ECC buffer 230. If the determination result
produced at the step S102 is Yes indicating that the error
correction code ECC2 corresponding to the data 22D to be
read out from the NVRAM 22 exists in the ECC buffer 230,
the NVM controller 23 carries out processing as follows. If
the determination result cited above is Yes, the flow of the
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processing goes on to a step S103 at which the NVM control-
ler 23 reads out the error correction code ECC2 from the ECC
buffer 230 concurrently with the aforementioned step S101 at
which the NVM controller 23 reads out the data 22D serving
as a read object from the NVRAM 22.

If the determination result produced at the step S102 is No
indicating that the error correction code ECC2 corresponding
to the data 22D to be read out from the NVRAM 22 does not
exist in the ECC buffer 230, on the other hand, the flow ofthe
processing goes on to a step S104 at which the NVM control-
ler 23 determines whether or not the ECC buffer 230 has
(includes) an available area which can be used for holding
error correction codes ECC2. The available area is thus an
area in which no error correction codes ECC2 have been held.
If the determination result produced at the step S104 is Yes
indicating that the ECC buffer 230 has (includes) an available
area, the flow of the processing goes on to a step S105 at
which the NVM controller 23 makes use of the aforemen-
tioned ECC-page management function in order to acquire
the address of a ECC2 block 212 included in the NAND-type
flash memory 21 as a block including the desired error cor-
rection code ECC2 not existing (or not held) in the ECC
buffer 230. Then, at the next step S106, the NVM controller
23 reads out the ECC2 block 212 including the desired error
correction code ECC2 from the NAND-type flash memory 21
to the available area in the ECC buffer 230 and holds the
ECC2 block 212 in the available area. Subsequently, the flow
of'the processing goes on to the step S103 described above. In
this way, the NVM controller 23 makes an access to the
NVRAM 22 after reading out the ECC2 block 212 including
the desired error correction code ECC2 from the NAND-type
flash memory 21 to the ECC buffer 230. Thus, for the CPU 10,
the time it takes to read out the ECC2 block 212 including the
desired error correction codes ECC2 from the NAND-type
flash memory 21 to the ECC buffer 230 is an extension of the
time it takes to make the access to the NVRAM 22. That is to
say, the access to the NVRAM 22 needs to be temporarily
suspended while the NVM controller 23 is reading out the
ECC2 block 212 including the desired error correction code
ECC2 from the NAND-type flash memory 21 to the ECC
butfer 230.

If the determination result produced at the step S104 is No
indicating that the ECC buffer 230 does not have (include) an
available area, on the other hand, the flow of the processing
goes on to a step S107 at which the NVM controller 23 selects
acandidate for an available area in the ECC buffer 230. To put
it concretely, the NVM controller 23 selects an area, which is
included in the ECC bufter 230 as an area used for holding
error correction codes ECC2 presumably used (or accessed)
at a frequency lower than other error correction codes ECC2
(or presumably used or accessed desirably at the lowest fre-
quency among other error correction codes ECC2), as the
candidate for an available area in the ECC buffer 230. Then,
the NVM controller 23 changes the selected candidate for an
available area in the ECC buffer 230 to an available area and
newly makes use of the available area as a buffer area.

Then, at the next step S108, the NVM controller 23 deter-
mines whether or not the error correction codes ECC2 held in
the available area mentioned above have been changed from
the corresponding error correction codes ECC2 held in the
NAND-type flash memory 21. If the determination result
produced at the step S108 is No indicating that the error
correction codes ECC2 held in the available area have not
been changed from the corresponding error correction codes
ECC2 held in the NAND-type flash memory 21, the flow of
the processing goes on to the step S105. If the determination
result produced at the step S108 is Yes indicating that the error
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correction codes ECC2 held in the available area have been
changed from the corresponding error correction codes ECC2
held in the NAND-type flash memory 21, on the other hand,
the corresponding error correction codes ECC2 held in the
NAND-type flash memory 21 are updated with the error
correction codes ECC2 held in the available area. To put it
concretely, if the determination result produced at the step
S108 is Yes indicating that the error correction codes ECC2
held in the available area have been changed from the corre-
sponding error correction codes ECC2 held in the NAND-
type flash memory 21, the flow of the processing goes onto a
step S109 at which the NVM controller 23 makes use of the
aforementioned ECC-page management function in order to
acquire the address of a page included in the ECC2 block 212
of'the NAND-type flash memory 21 as a page used for hold-
ing the corresponding error correction codes ECC2. Then, the
NVM controller 23 makes use of the page at the acquired
address as a write object to which the error correction codes
ECC2 held in the available area in the ECC buffer 230 are to
be written back to the NAND-type flash memory 21. Then, at
the next step S110, the NVM controller 23 writes back the
error correction codes ECC2 held in the available area in the
ECC buffer 230 to the page in the ECC2 block 212. Subse-
quently, the flow of the processing goes on to the step S105.

After the steps S103 and S101 explained before have been
completed, the flow of the processing goes on to a step S111
at which the NVM controller 23 carries out the bit-error
detection and correction processing on the data 22D serving
as a read object in the NVRAM 22 by making use of an error
correction code ECC2. In this case, the bit-error detection and
correction processing making use of an error correction code
ECC2 typically adopts the commonly taken hamming code
method. It is to be noted that, if an uncorrectable bit error is
detected, the NVM controller 23 typically informs the CPU
10 of the bit error. Then, at the next step S112, the NVM
controller 23 supplies the data 22D obtained as a result of the
bit-error detection and correction processing to the CPU 10.
This step is the end of the processing represented by the
flowchart shown in FIG. 6 as processing to read out the data
22D from the NVRAM 22 to the CPU 10.

The reader is advised to keep in mind that it is desirable to
provide the configuration in which the NVM controller 23
makes use of a function described below as a function to
prefetch error correction codes ECC2 from the NAND-type
flash memory 21 to the ECC bufter 230 in the execution of the
data reading processing described above, data writing pro-
cessing to be described below and system activation process-
ing. In order for the NVM controller 23 to make use of a
function described below as a function to prefetch error cor-
rection codes ECC2 from the NAND-type flash memory 21 to
the ECC buffer 230, first of all, the NVM controller 23 makes
use of a record of past accesses to data 22D stored in the
NVRAM 22 in order to predict data 22D stored in the
NVRAM 22 as data to be accessed thereafter. Then, the NVM
controller 23 prefetches error correction codes ECC2 for the
predicted data 22D from the NVRAM 22 to the ECC buffer
230. By making use of such a function to prefetch error
correction codes ECC2 from the NAND-type flash memory
21 to the ECC buffer 230, it is possible to easily sustain the
performance of making accesses to the NVRAM 22 at a high
speed.

Processing to Write Data into the NVRAM 22

FIG. 7 shows a flowchart representing typical processing to
write data 22D into the NVRAM 22 by making use of error
correction codes ECC2.
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As shown in the figure, the flowchart representing the
processing to write the data 22D into the NVRAM 22 begins
with a step S201. At this step, the NVM controller 23 acquires
the data 22D from the CPU 10 as a write object which is data
to be written into the NVRAM 22. Then, at steps S203 to
S210, the NVM controller 23 carries out the same processing
as the steps S102 and S104 to S110 of the flowchart repre-
senting the data reading processing described above. Subse-
quently, the flow of the processing goes on to a step S202.

At the step S202, the NVM controller 23 carries out pro-
cessing to generate an error correction code ECC2 for the
acquired data 22D through computation of the error correc-
tion code ECC2 by adoption of typically the commonly taken
hamming code method. Then, at the next step S211, the NVM
controller 23 writes the error correction code ECC2 generated
by computation into the ECC buffer 230 in order to update the
existing error correction code ECC2. At that time, a page
including the generated error correction code ECC2 is regis-
tered in the ECC buffer 230 as an updated page. In the mean
time, at a step S212, the NVM controller 23 writes the data
22D into the NVRAM 22 concurrently with the steps S202
and S211. The steps S211 and S212 are the ends of the
processing represented by the flowchart shown in FIG. 7 as
processing to write the data 22D output by the CPU 10 into
the NVRAM 22.

System Activation Processing

FIG. 8 shows a flowchart representing typical system acti-
vation processing to activate the non-volatile memory system
2 by making use of error correction codes ECC2.

As shown in the figure, the flowchart representing the
system activation processing to activate the non-volatile
memory system 2 begins with a step S301 at which the NVM
controller 23 sets a start address in the NVRAM 22. Then, at
steps S302 to S309, the NVM controller 23 carries out the
same processing as the steps S101 to S104, S107, S105, S106
and S111 of the flowchart representing the data reading pro-
cessing described above. Subsequently, the flow of the pro-
cessing goes on to a step S310.

At the step S310, the NVM controller 23 determines
whether or not an uncorrectable bit error has been detected in
bit-error detection and correction processing carried out at the
step S309. If the determination result produced at the step
S310 is Yes indicating that an uncorrectable bit error has been
detected in the bit-error detection and correction processing
carried out at the step S309, the flow ofthe processing goes on
to a step S311 at which the NVM controller 23 informs the
CPU 10 of the uncorrectable bit error. This step is the end of
the system activation processing represented by the flowchart
shown in FIG. 8.

If the determination result produced at the step S310 is No
indicating that no uncorrectable bit error has been detected in
the bit-error detection and correction processing carried out at
the step S309, on the other hand, the flow of the processing
goes on to a step S312 at which the NVM controller 23
determines whether or not the address of the current data 22D
serving as the object of the system activation processing is the
last address in the NVRAM 22. If the determination result
produced at the step S312 is No indicating that the address of
the current data 22D serving as the object of the system
activation processing is not the last address in the NVRAM
22, the flow of the processing goes on to a step S313 at which
the NVM controller 23 increments the address of the current
data 22D in the NVRAM 22 by 1. Then, the flow of the
processing goes back to the step S303. If the determination
result produced at the step S312 is Yes indicating that the
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address of the current data 22D serving as the object of the
system activation processing is the last address in the
NVRAM 22, on the other hand, the NVM controller 23 ter-
minates the system activation processing represented by the
flowchart shown in FIG. 8.

As described above, when the power supply of the non-
volatile memory system 2 is turned on in order to activate the
non-volatile memory system 2, the NVM controller 23 carries
out the bit-error detection and correction processing making
use of error correction codes ECC2 on all the data 22D stored
inthe NVRAM 22. Thus, it is possible to obtain the following
result. Since the non-volatile memory system 2 is activated
after the NVM controller 23 has verified that no bit error
exists in all the data 22D stored in the NVRAM 22 used as a
non-volatile cache memory, the reliability of the non-volatile
memory system 2 can be improved.

In the embodiment described above, the error correction
codes ECC2 are applied to the data 22D stored in the
NVRAM 22 allowing random accesses to be made to the data
22D in word units and the error correction codes ECC2 are
held in the NAND-type flash memory 21 used for storing the
data 22D as data to be accessed in block (or page) units. Thus,
it is possible to improve (or enhance) the data holding char-
acteristic of the NVR AM 22 while preventing the speed of the
access to the NVRAM 22 from decreasing. As a result, the
reliability of the non-volatile memory system 2 can be
improved without lowering the speed of its operation.

In addition, in this embodiment particularly, the error cor-
rection codes ECC2 are held in the NAND-type flash memory
21 having a relatively low bit-unit cost. Thus, the cost of the
non-volatile memory system 2 can be suppressed.

Typical Modifications

Next, first and second typical modifications of the embodi-
ment are explained. It is to be noted that configuration ele-
ments employed in the first and second typical modifications
as elements identical with their respective counterpart ele-
ments included in the embodiment are denoted by the same
reference numerals as the counterpart elements. In addition,
the identical configuration elements are not explained again
in the following description.

First Typical Modification

FIG. 9 is a block diagram showing a typical configuration
of'a data storage system 1A including a non-volatile memory
system 2A serving as a first typical modification of the non-
volatile memory system 2 explained before. As shown in the
figure, the data storage system 1A employs a CPU 10, a
DRAM 11, a DRAM controller 12 and the non-volatile
memory system 2A. That is to say, in place of the non-volatile
memory system 2 employed in the data storage system 1
according to the embodiment, the data storage system 1A
employs the non-volatile memory system 2A serving as the
first typical modification. The other configuration elements
employed in the data storage system 1A are identical with
their respective counterpart configuration elements employed
in the data storage system 1.

The non-volatile memory system 2A includes a NAND-
type flash memory 21A having an embedded ECC, an
NVRAM 22 and an NVM controller 23A.

The NAND-type flash memory 21 A is characterized in that
the NAND-type flash memory 21 A has the ECC1 processing
section 231 embedded therein. Thus, the NVM controller
23 A in the first typical modification receives data obtained as
a result of the bit-error detection and correction processing
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carried out by making use of an error correction code ECC1
from the NAND-type flash memory 21A and stores the data
temporarily in the ECC bufter 230. Also in an operation to
write data 21D into the NAND-type flash memory 21A, the
NVM controller 23A supplies only the data 21D to the
NAND-type flash memory 21A. The NAND-type flash
memory 21A has a data block 211 composed of pages 211P
each serving as the unit of the data block 211 and a ECC2
block 212 composed of pages 212P each serving as the unit of
the data block 211. It is to be noted that the data structures of
the pages 211P and 212P of the first typical modification are
identical with respectively the data structures of the pages
211P and 212P of the embodiment. However, the NVM con-
troller 23 A is not capable of making an access to an area used
for holding error correction codes ECC1 in the NAND-type
flash memory 21A.

In recent years, there has been introduced a product in
which a NAND-type flash memory includes an ECC process-
ing section embedded therein as is the case with the NAND-
type flash memory 21A. Also in the case of the non-volatile
memory system 2A implemented by this typical modification
as a system including such a product, it is possible to obtain
the same effects by carrying out operations identical with
those of the embodiment.

Second Typical Modification

FIG. 101is a block diagram showing a typical configuration
of'a data storage system 1B including a non-volatile memory
system 2B serving as a second typical modification of the
non-volatile memory system 2 explained before. As shown in
the figure, the data storage system 1B employs a CPU 10, a
DRAM 11, a DRAM controller 12 and the non-volatile
memory system 2B. That is to say, in place of the non-volatile
memory system 2 employed in the data storage system 1
according to the embodiment, the data storage system 1B
employs the non-volatile memory system 2B serving as the
second typical modification. The other configuration ele-
ments employed in the data storage system 1B are identical
with their respective counterpart configuration elements
employed in the data storage system 1.

The non-volatile memory system 2B includes an MFD
(Managed Flashed Drive) 21B, an NVRAM 22 and an NVM
controller 23A. Typical examples of the MFD 21B include an
SSD (Solid State Drive), an eMMC (Embedded MultiMedia
Card), an SD card and a USB (Universal Serial Bus) memory.
As described above, in the non-volatile memory system 2, the
non-volatile memory system 2B employs the MFD 21B serv-
ing as the second typical modification in place of the NAND-
type flash memory 21. The other configuration elements
employed in the data storage system 1B are identical with
their respective counterpart configuration elements employed
in the data storage system 1.

The MFD 21B is a storage device including a NAND-type
flash memory used for storing data to be accessed in block
units. In this case, the block units are units of sectors 211S of
the data block 211 and 212S of the ECC2 block 212. The
MFD 21B is characterized in that the MFD 21B has a function
embedded therein to operate as the same function as that
embedded in the ECC1 processing section 231 described
earlier. Thus, the NVM controller 23A in the second typical
modification receives data obtained as a result of the bit-error
detection and correction processing carried out by making
use of an error correction code ECC1 from the MFD 21B and
stores the data temporarily in the ECC buffer 230. Also in an
operation to write data 21D into the MFD 21B, the NVM
controller 23 A supplies only the data 21D to the MFD 21B.
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The MFD 21B has the data block 211 composed of sectors
2118 each serving as the unit of the data block 211 and the
ECC2 block 212 composed of sectors 2128 each serving as
the unit of the ECC2 block 212. It is to be noted that the data
structures of the sectors 211S and 212S of the second typical
modification are identical with respectively the data struc-
tures of the pages 211P and 212P of the embodiment. How-
ever, the NVM controller 23A is not capable of making an
access to an area used for holding error correction codes
ECC1 in the MFD 21B.

In recent years, there has been introduced a number of
storage products like the MFD 21B. Also in the case of the
non-volatile memory system 2B implemented by this typical
modification as a system including such a product, it is pos-
sible to obtain the same effects by carrying out operations
identical with those of the embodiment.

As described above, this typical modification is provided
with the MFD 21B replacing the NAND-type flash memory
21. It is to be noted, however, that any storage device can be
used to replace the NAND-type flash memory 21 provided
that the storage device allows data stored therein to be
accessed in block units each composed of a plurality of words
by execution of a batch operation. For example, as a typical
replacement for the NAND-type flash memory 21, it is pos-
sible to employ a hard disk allowing data stored therein to be
accessed in sector units.

Other Typical Modifications

The present disclosure has been described so far by giving
the embodiment and the typical modifications as examples.
However, implementations of the present disclosure are by no
means limited to these examples. That is to say, other modi-
fications can be used as implementations of the present dis-
closure.

In the case of the embodiment for example, the DRAM 11
is used as a typical work memory of the data storage system
1. However, the work memory does not have to be a DRAM.
For example, a volatile memory other than the DRAM can
also be used as a work memory.

In addition, in the embodiment and the typical modifica-
tions, all (or some) of the functions of the NVM controller 23,
the NVM controller 23A and the DRAM controller 12 can
also be carried out by the CPU 10.

On top of that, as described above, the data storage system
1 includes the DRAM 11 and the DRAM controller 12 in
addition to the CPU 10 and the non-volatile memory system
2. In some cases, however, the DRAM 11 and the DRAM
controller 12 may be omitted. That is to say, the data storage
system 1 can also be configured to include only the CPU 10
and the non-volatile memory system 2.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A memory controller comprising:

one or more processors operable to:

control operations of a first non-volatile memory for stor-
ing data to be accessed in units of blocks, and a second
non-volatile memory for storing data to be accessed in
word units in random accesses to said second non-vola-
tile memory, wherein each of said blocks of said first
non-volatile memory is divided into a first area and a
second area,
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wherein a first error correction codes to be applied to said
data stored in said first non-volatile memory are stored in
said second area of one or more of said blocks of said
first non-volatile memory,

wherein a second error correction codes to be applied to

said data stored in said second non-volatile memory are
stored in said first area of said one or more of said blocks,
and

wherein said second error correction codes are associated

with consecutive addresses in said second non-volatile
memory.

2. The memory controller according to claim 1, further
comprising a buffer area operable to hold said second error
correction codes read out from said first non-volatile memory
to serve as said second error correction codes to be applied to
data stored in said second non-volatile memory.

3. The memory controller according to claim 2, wherein,
prior to application of said second error correction codes to
data stored in said second non-volatile memory, said second
error correction codes necessary for said data stored in said
second non-volatile memory are read out from said first non-
volatile memory to said buffer area before making use of said
necessary second error correction codes in case said neces-
sary second error correction codes do not exist in said buffer
area.

4. The memory controller according to claim 3, wherein:

before reading out said necessary second error correction

codes to said buffer area, said one or more processors are
operable to determine whether or not said buffer area has
an available area;

in case said one or more processors determine that said

buffer area has an available area, said one or more pro-
cessors are operable to store said necessary said second
error correction codes read out from said first non-vola-
tile memory in said available area; and

in case said one or more processors determine that said

buffer area does not have an available area, said one or
more processors are operable to change another area
included in said buffer area to said available area,
wherein said another area serves as an area used for
holding said second error correction codes with low
usage frequency compared to usage frequency of other
said second error correction codes for storing said nec-
essary second error correction codes.

5. The memory controller according to claim 4, wherein,
before changing said another area to said available area, said
one or more processors are operable to write said second error
correction codes of said another area into said first non-
volatile memory in case said second error correction codes of
said another area have been changed.

6. The memory controller according to claim 3, wherein
said one or more processors are operable to:

use a record of past accesses to data stored in said second

non-volatile memory in order to predict data which has
been stored in said second non-volatile memory as data
to be accessed in future; and

prefetch said second error correction codes necessary for

said predicted data from said first non-volatile memory
to said buffer area.

7. The memory controller according to claim 2, wherein
said one or more processors are operable to:

apply said second error correction codes to data which is to

be written into said second non-volatile memory, prior to
a write operation to write said data into said second
non-volatile memory and then carries out said write
operation; and
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perform bit-error detection and correction processing on
data read out from said second non-volatile memory by
making use of said second error correction codes after an
operation to read out said data from said second non-
volatile memory and at a system activation time.

8. The memory controller according to claim 7, wherein
said one or more processors are operable to make use of said
second error correction codes applied to said data written into
said second non-volatile memory to update contents of said
buffer area in said write operation.

9. The memory controller according to claim 1, wherein
said one or more processors are operable to carry out man-
agement to associate addresses of pieces of data in said sec-
ond non-volatile memory with addresses of said second error
correction codes in said first non-volatile memory necessary
for said pieces of data.

10. The memory controller according to claim 1, wherein
every batch of a plurality of said first error correction codes
and said second error correction codes is held in said first
non-volatile memory as said block.

11. The memory controller according to claim 1, wherein
said first non-volatile memory is: a flash memory used for
storing data to be accessed in page units each serving as one
of said blocks; or a hard disk used for storing data to be
accessed in sector units each serving as one of said blocks.

12. The memory controller according to claim 1, further
comprising a first error correction code processing section
embedded in said first non-volatile memory for using said
first error correction codes to be applied to said data stored in
said first non-volatile memory.

13. The memory controller according to claim 1, further
comprising a first interface to access data from said second
non-volatile memory and a second interface different from
said first interface to access said second error correction
codes.

14. An operation method provided for amemory controller,
the method comprising:

performing accesses made in units of blocks to data stored

in a first non-volatile memory;
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performing random accesses made in word units to data

stored in a second non-volatile memory,

wherein error correction codes to be applied to said data

stored in said second non-volatile memory are stored in
a first area of one or more of said blocks of said first
non-volatile memory;

wherein said error correction codes are associated with

consecutive addresses in said second non-volatile
memory; and

carrying out bit-error detection and correction processing

on said data stored in said second non-volatile memory
based on said error correction codes.

15. A system comprising:

one or more processors operable to:

store data in a first non-volatile memory to be accessed in

units of blocks;

store data to be accessed in word units in random accesses

to a second non-volatile memory; and

control operations of said first non-volatile memory and

said second non-volatile memory,

wherein error correction codes to be applied to said data

stored in said second non-volatile memory are stored in
a first area of one or more of said blocks of said first
non-volatile memory, and

wherein said error correction codes are associated with

consecutive addresses in said second non-volatile
memory.

16. The system according to claim 15, further comprising a
controller operable to control operations of a dynamic ran-
dom access memory (DRAM), wherein said controller is
operable to write data stored in said DRAM into said first
non-volatile memory and said second non-volatile memory.

17. The system according to claim 15, wherein each of said
blocks of said first non-volatile memory is divided into said
first area and a second area.

18. The system according to claim 17, wherein error cor-
rection codes to be applied to said data stored in said first
non-volatile memory are stored in said second area of said
one or more of said blocks of said first non-volatile memory.
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